Small-scale subsistence farmers keep over 80% of the pigs in Tanzania as a backyard activity in mixed agro-ecological farming systems under unhygienic conditions that risk persistency of zoonoses including Taenia solium cysticercosis. Pig production and demand for pork has tremendously increased in Tanzanian townships and major cities. Rural areas are the main sources of pigs and pork and that the business is jeopardized by the presence of porcine cysticercosis (PC). Ludewa district is one of the PC unsurveyed sources of pork in townships and cities in Tanzania. The aim of this study was to assess the status of PC in Ludewa district, Tanzania. Auricular venous blood samples were collected from pigs in households for seroprevalence analysis of PC. In this study, 10.07% (95% C.I. 06.86% -14.47%) of the collected 268 serum samples tested positive in the cysticercosis antigen enzyme-linked immune-sorbent (Ag ELISA) assay. PC infection rate was 10.71% (n = 24) in adult pigs and 6.82% (n = 3) in piglets. PC infection between adult pigs and piglets was not statistically significant (OR = 0.6108; 95% C.I. 0.1125 -2.1575), p = 0.5877). The highest and lowest number of PC positive cases were detected in Mapogoro (n = 16, 13.91%, 95% C.I. 8.41 -21.91) and Ludewa Mjini (n = 6, 6.67%, 95% C.I. 2.74 -14.50) villages respectively. The Chi-Square test indicated no significant statistical difference in the status of PC infection between the three villages (p = 0.1881) involved in this study. PC prevalence in the study area indicates the presence of T. solium tapeworm human carriers and environmental contamination by T. solium eggs. This is the first survey to reveal the prevalence of PC in Ludewa district and therefore calls for further studies on the magnitude, economic and public health impacts of taeniasis and cysticercosis in the human population. The result of this study is also important in the determination of effective control measures of cysticercosis.
Introduction
For many reasons, there is limited information on the burden of Taenia solium cysticercosis, a zoonotic disease between man and pigs, in endemic regions. The disease greatly impacts food security and safety, public and veterinary health and finally economies of developing endemic countries. The adult parasite causes taeniasis in humans while its larval form causes cysticercosis in both humans and pigs [1] . In the piggery industry, infection by the parasite (porcine cysticercosis (PC)) denies people from pork protein and causes huge economic loss because of veterinary costs, reduced pork production and total condemnation of PC detected pork carcases [2] . Infection of the larval form in human (human cysticercosis (HC)), among other parts of the body, in the central nervous system (CNS) results into neurocysticercosis which is the major cause of acquired epilepsy in T. solium endemic areas [3] [4] . Humans may harbour adult pork tapeworms in the intestine and hence taeniasis for many years without significant health symptoms. Following consumption of uncooked or undercooked pork infected with the larval stage of T. solium known as Cysticercus cellulosae [1] [5] [6] [7] , the larvae develops into adult worm with which human can harbour the parasite for over 20 years if untreated and remains a good carrier of the parasite and therefore source of environmental contamination. On the other hand, humans contract cysticercosis by ingesting T. solium eggs from contaminated food, drinking water or hands after an unhygienic attendance of a natural call or indiscriminate defaecation [8] [9] [10] [11] . As in humans, pigs contract cysticercosis following ingestion of feed-stuff or water or human faeces containing T. solium eggs from pork tapeworm carriers or ingestion of the eggs from contaminated environmental soils [10] [11] . With this route of transmission, infection by the larval form of T. solium spares neither ethnic nor religious group [12] [13] . Because of globalization and worldwide tourism, like Catholics: the Orthodox Jews, Muslims, Seventh-Day Adventists and vegeterians are all at risk of infection by the larval form of T. solium.
Pig production, especially in rural areas, has increased in the past few years because of population growth and scarcity of grazing land for ruminants [7] .
The increase in piggery industry has also been due to quick and high returns accrued from investing in pig production as compared to investing in ruminants as well as the high demand for pork in townships, urban and cities [6] [7] . The increase in pig production in many rural areas of developing countries with high rates of poverty and ignorance mediates the occurrence and persistence of T. solium cycle. As the number of PC reports escalates in sub-Saharan African countries indicating prevalence ranging from as low as 0.12% to over 50% [2] 
Materials and Methods

Study Area
This study was conducted in Ludewa district between November 2017 and when it was gazetted as a new and separate region [22] . Lake Nyasa borders Ludewa district to the southwest, Kyela (in Mbeya region) and Makete to the west, Njombe district to the north while Ruvuma region borders Ludewa district Ludewa district was of interest because to the best of our knowledge there was no any published PC survey study despite the fact that the district is one of the sources of pigs and therefore pork in townships, urbans and Dar es Salaam City.
Study Design and Sample Size Estimation
A cross-sectional survey was conducted to investigate the prevalence of PC in Ludewa district. One village was selected randomly from each of the three wards involved in this study (Milo and Ludende wards from about 2600 m.a.s.l and
Ludewa ward with about 1500 m.a.s.l). Names of villages from each ward were written in a piece of paper, folded and mixed before they were thrown on a table to pick one piece of paper with a village name for survey. The process was repeated in each of the selected three wards. Ludewa Mjini (Ludewa ward), Ludende (Ludende ward) and Mapogoro (Milo ward) villages were selected for this study. The selection of households for inclusion in the study was also random;
however, the presence of pigs was taken into account. An average of 25 households per village participated in this study. The prevalence level of PC was determined from sera recovered from blood samples and the study was biased to different age groups of pigs and sources. A maximum of 6 pigs were randomly chosen from each of the households participating in this study. Generally, 6 pigs were sampled in households with both litters and sounder of swine. A random sampling of a maximum of 3 piglets was deployed in litters of more than 3 piglets, similarly to sounder of swine at any one participating household. In households with 3 or less adult pigs and or piglets, all were sampled. The formula n = Z 2 PQ/L 2 [25] was used to estimate the sample size, where n is the number of pigs, P is an estimated prevalence level of PC in the study area, Z is the score of the desired confidence interval (95%), Q = 1 − P, and L is the permissible error of estimation (5%). Based on this formula, the estimated minimum sample size of pigs was 113 (that is n = 1.96 2 × 0.08 × 0.92/0.05 Advances in Infectious Diseases clusion of pigs in the study was 3 to 5 months for piglets and 6 months or above for adults. A random sampling of a maximum of 3 piglets was deployed in litters of more than 3 piglets, similary to sounder of swine at any one participating household. Therefore, at most six pigs were sampled in households with both litters and sounder of swine. In households with three or less pigs and or piglets, all were sampled. Blood samples were temporarily stored at 4˚C in a cooler box during data collection. The recovery of serum samples were done by centrifuging blood samples for 10 minutes at 3500 rpm. Clear serum samples were stored in adequately labeled 1.8 ml cryogenic vials at −20˚C before further analysis for PC.
Laboratory and Statistical Data Analysis
In the laboratory, cysticercosis antigen enzyme-linked immune-sorbent (apDia Chi-Square test of independence was used to compare PC differences between villages and pig age groups.
Results
Two hundred and seventy one pigs from various households in the three villages in Ludewa district were involved in this study (Table 1) . One blood sample for serum recovery was collected from each pig after obtaining informed oral consent of the pig owners. Three samples were excluded from the statistical analysis because of either, a microplate reader could not determine the absorbance value 
Discussion
Two hundred sixty eight (268) serum samples from rural pigs in three villages were used for qualitative analysis of PC prevalence in Ludewa district in Njombe region located in the southern highlands in Tanzania. To the best of our knowledge, this publication constitutes the first study on PC in Ludewa district. The results from this study indicate the prevalence of PC to be 10.07%. What is reported in the present study is similar to that reported in Mbeya Region [28] , one of the regions forming the southern highlands in Tanzania. There has also been a more or less similar report on PC in Uganda [14] . On the other hand, PC status determined in this study is three times less than what is reported in a similar study conducted in Nyasa District in Ruvuma region which borders Ludewa district to the southeast [15] . High prevalence of PC in the Eastern African region is also reported in Kenya [16] . Previous survey on PC by [20] using antemortem and postmortem examination in two districts in Iringa region located to the north of Njombe Region recorded prevalence ranging between 7.6% and 8.4% while the same study also recorded an overall prevalence of 16.9% in two Districts in Ruvuma region. The prevalence of PC in Ludewa District in Njombe region reported in the present study and recent reports [15] in Ruvuma and Mbeya region [15] The prevalence of PC in Mapogoro village was high (n = 16, 13.91%) as compared to the rest of the villages, Ludende and Ludewa Mjini, which recorded 7.94% (n = 5) and 6.67% (n = 6) respectively. Although Mapogoro village had the highest number of pigs (n = 115, 42.91%) recruited in this study, it had also most of the pigs that were observed roaming while most pigs specifically in Ludewa Mjini village were confined because part of this village is slowly turning into a town centre and therefore sanitation facilities are available and a bit improved. Rural areas with extensive free range pig keeping system with inadequate hygiene and sanitation facilities have been reported to have high prevalence of T. solium cysticercosis [6] [18] [26] [29] because pigs and humans gain easy access to human faeces which may be contaminated by T. solium eggs [6] .
The prevalence of PC in the surveyed rural areas of Ludewa District indicates the presence of pork tapeworm human carriers accompanied with poor sanitation and hygiene. This is to say whenever PC persists; there are tapeworm carriers who contaminate environment through open defecation. Presence of T. solium human carriers and a possibility of T. solium eggs environmental contamination pose health risks to residents in Ludewa and other areas receiving drinking water or food items that may be contaminated by T. solium eggs or consuming pork originating from Ludewa given inadequate meat inspection. 
Concluding Remarks
Limitation of the Study
This study was limited to villages that keep pigs under semi-intensive and free range systems in Ludewa District. It was further limited by geographical location based on altitude as some research villages were from as low as 1500 m.a.s.l and others from about 2600 m.a.s.l.
